AbstrAct: Short term secular change in body size and physical fitness of Polish youth 7-15 years of age resident in an industrial region of Lower Silesia in southwestern Poland was considered across two surveys, 2001-2002 and 2010-2011. Subjects were students in the same schools in both surveys 1892 boys and 1992 girls in the first and 1237 boys and 1236 girls in the second. In addition to height and weight, performances in six fitness tests were measured in each survey. Height, weight and BMI increased significantly across surveys. Statistically controlling for secular gains in height and weight, only static strength (hand grip) and running speed -agility (shuttle run) improved significantly between surveys in three age groups (7-9, 10-12, 13-15 years), while explosive power (standing long jump) showed negligible changes except in girls 13-15 years among whom performances declined significantly. Speed of upper limb movement (plate tapping), flexibility (sit and reach) and trunk strength (sit-ups) declined between surveys, except for trunk strength in boys 13-15 years which did not change. In conclusion, after statistically controlling for secular gains in body size, physical fitness items changed variably over the decade.
Introduction
Secular change in the physical fitness of youth generally parallels corresponding change in body size and maturation (Malina 1978) . Secular gains in hand grip have been reported in Belgian (1830s-1971 , American (1899 American ( -1964 and Japanese youth, and the observed gains are largely proportional to secular gains in weight and height (Malina 1978 (Malina 2004 . In contrast, muscular strength has declined in Danish youth since the 1950s (Heebøll-Nielsen 1982) , in Russian youth since the 1960s (Godina 1998 ), and in Belgian boys between 1969 -74 and 2002 -04 and girls between 1979 -80 and 2002 -04 (Matton et al. 2007 .
Data addressing secular changes in other components of youth physical fitness do not have the time depth as those for hand grip and the trends have been more variable. For example, changes in several fitness items between the late 1960s and 2004 were not consistent in the Belgian youth (Matton et al. 2007 (Malina 2007) . Swedish youth 16 years of age declined in the bench press, sit-ups and endurance run but improved in the two-hand lift between 1974 and 1995 (Westerstahl et al. 2003 , while between 1985 and 1997 aerobic fitness (1.6 km run-walk time) and running speed (50 m dash) declined and explosive power (standing long jump) remained stable among South Australian youth 10-11 years (Dollman 2003) .
Trends in the physical fitness of Japanese youth 12-17 years between 1964 and 1997 showed a variable pattern. Fitness scores improved from 1964 to 1974, were variable between 1975 and 1985 , and then declined from 1986 through 1997 (Nishijima et al. 2003a; 2003b; Shingo and Takeo 2002) .
Composite data for youth 6-19 years from 33 countries worldwide indicated a systematic decline between 1960 and 2003 in endurance, but more variable patterns for measures of power and speed. Both items improved somewhat through the mid-1980s; power then declined to 2003, while speed showed no change to about 2000 (Tompkinson and Olds 2007; Tompkinson 2007) .
Surveys of youth fitness of youth across time have not generally considered the potential influence of secular changes in body size on performances. Performances of youth on a variety of strength and motor tasks are related to body size ) so that it is likely that changes in some fitness items across time are affected by corresponding changes in height and weight. As noted, the apparent secular gains in hand grip in several earlier surveys were generally proportional to changes in body size over time (Malina 1978; 2004) . In addition, when the decline in several tests of muscular strength among Danish youth between 1956 and 1981 was expressed for the same height, the more recent sample was notably weaker than the earlier sample (Heebøll-Nielsen 1982) . The preceding highlights the association between body size and muscular strength, and also the need to consider body size in secular comparisons of youth physical fitness.
Among Polish youth in Upper Silesia, strength and endurance declined in decennial surveys from 1965 to 1995, especially after 12-14 years, while running speed did not change between 1965 and 1985, but was considerably poorer in 1995. On the other hand, agility did not change across the four surveys (Raczek 2002) . More recently, performances of national samples of Polish youth 7-17 years in several physical fitness tests improved between 1979 and 1989, while changes between 1989 and 1999 varied among fitness items (Trześniowski 1990; Przewęda and Trześniowski 1996) . Between 1989 and 1999, running speed (50 m dash) and explosive power (standing long jump) declined; hand grip changed negligibly; while running speed -agility (4 × 10 m shuttle run) and trunk strength improved (Przewęda and Dobosz 2003) . A subsequent national sur-vey in the 2009/ 2010 school year noted mixed results relative to the 1999 survey. The standing long jump (explosive power) and speed of upper limb movement (plate tapping) declined in girls; the shuttle run (running speed -agility) declined in both sexes; grip strength and sit and reach (flexibility) improved in both sexes; and sit-ups (trunk strength) improved in girls and to a lesser degree in boys (Stupnicki et al. 2003; Dobosz 2012) . Heights and weights increased, on average, across time in these surveys, but secular changes in body size were not considered in the evaluation of changes in fitness items across time.
In the context of the preceding observations on Polish youth, the present study addresses short term secular change in the size and physical fitness of Polish youth 7-15 years of age resident in an industrial region of Lower Silesia in southwestern Poland. It specific ally considers changes in height, weight, and several indicators of physical fitness of youth surveyed over a ten year interval, 2001 interval, -2002 interval, and 2010 interval, -2011 Silesia is a somewhat unique region. It is considered as ecologically threatened, but is one of the wealthiest regions of Poland (Lower Silesian Environmental Report 2001 , 2011 Strugała-Stawik and Pietraszkiewicz 2000; Ignasiak et al. 2006; 2007; Domaradzki 2013) .
Methods

Participants
The surveys of youth physical fitness were approved by the Senate Ethics Committee of the University School of Physical Education in Wrocław and also by local school authorities. The surveys were a part of several ongoing cross-sectional studies of school children in the region (Ignasiak et al. 2002; 2007) . Parents also provided informed consent for the participation of their children in the study; note, however, the participation of children was voluntary.
Subjects were 6357 boys and girls 7 to 15 years of age in attendance at the same schools in several communities in the Legnica-Głogów Copper Basin in Low- (Ignasiak et al. 2002) , while the 2010-2011 survey included 2473 school youth, 1237 boys and 1236 girls. Allowing for subject refusal (note, participation was voluntary), and illness and/or injury and absence from school at the time of the surveys, the samples in each survey represented about 75% of the school age population in the region. All children were of Polish ancestry and were born and raised in the area.
Procedures
All youth were measured and tested by staff of the Department of Biostructure in the University School of Physical Education in Wrocław. Chronological age expressed as decimal age was difference between date of birth and date of measurement. Height and weight were measured using the procedures of Martin and Saller (1957) . The body mass index (BMI, kg/m 2 ) was calculated. Six fitness tests were administered (Eurofit 1991): 1. static strength -grip strength of the right hand (adjustable Jamar dynamometer, nearest 1.0 kg), better of two trials was used for analysis;
2. trunk strength -number of complete sit-ups performed in 30 seconds (timed sit-ups), one trial was given (this test is a component of muscular endurance in the Eurofit battery); 3. flexibility -sit and reach, with the palms facing downwards and hands on top of each other, the subject reached forward as far as possible along the measuring line (15 cm was added to each result to eliminate negative values (this test a measure of flexibility of the lower back and upper thighs) ; one trial was performed; 4. explosive power -standing long jump, measured as the distance from the front edge of the take-off line to the heel nearest to the take-off line with a maximal jumping effort, the better of two attempts was retained for analysis; 5. running speed -agility -10 × 5 m shuttle run, time (0.1 sec) elapsed to complete 5 cycles running as fast as possible from line to line placed 5 meters apart, one trial (lower time is a better performance); 6. speed of upper limb movementplate tapping, time (0.1 sec) to complete 25 cycles moving the preferred arm as rapidly as possible from disc to disc placed 80 cm apart, better of two trials was used for analysis (lower time is a better performance).
Statistical Analysis
Subjects were grouped into single year age groups for descriptive purposes; the whole year was the mid-point, i.e., 7 = 6.5 to 7.49 years, etc. Sex-specific means and standard deviations were calculated by single year age groups for age, height, weight, BMI and each fitness test in the two surveys.
For comparisons of body size and fitness across the two surveys, the sample was divided into three age groups, 7 through 9, 10 through 12 and 13 through 15 years. The first, 7-9 years, approximates late childhood in the majority of children of both sexes, although some girls may be in early puberty. The second, 10-12 years, approximates the interval of the growth spurt in many girls and the pubertal transition in boys. And the third, 13-15 years, approximates the interval of the growth spurt in boys and post-peak height velocity and attainment of menarche in most girls. Estimated median ages at menarche of girls in the Copper Basin were 13.2±1.1 and 12.8±1.1 years in 2001 , respectively (Sławins-ka et al. 2012 . Nevertheless, given individual differences in growth and maturation and sex difference in pubertal timing and the growth spurt, the labels for the age groups are only approximate.
Comparisons of age, height, weight and BMI between the two surveys in the three age groups were done with MANO-VA. To control for secular changes in body size, comparisons of fitness items between surveys were done with MAN-COVA controlling for chronological age, height and weight (covariates). Given the relationship between body size and chronological age, the latter was included as a covariate.
Results
Descriptive statistics for age, body size and the six fitness items are summarized in Appendix Tables 1 through 3,  while means±95% (Fig. 1) and heavier from 8 years of age on (Fig. 2) . Proportionally greater gains in weight than in height are reflected in large increases in the BMI between the 2001-2002 and 2010-2011 surveys, more so in boys than in girls (Fig. 3) . Note, however, secular change in the BMI of adolescent girls 13-15 years is negligible.
Static strength shows the same trend as body weight and the BMI in both boys and girls, i.e., gains across the entire age range in boys and between 7 and 12 years in girls (Fig. 4) . In contrast, trunk strength (sit-ups, Comparisons of age, height, weight and BMI in the three age groups (7-9, 10-12 and 13-15 years) across surveys are summarized in Table 1 , while estimated secular gains are summarized in Table 2 . Except among girls 13-15 years, chronological age does not differ between surveys. Youth in each age group in 2010-2011 are significantly taller and heavier and have a higher BMI than youth in [2001] [2002] . Estimated secular gains in height are larger in boys than in girls in the three age groups. Corresponding gains in weight and the BMI are similar in both sexes among children 7-9 and 10-12 years of age, but are greater in boys than in girls 13-15 years.
Estimated changes in physical fitness after adjusting for age, height and weight in the two surveys are summarized in Table 3 for girls and Table 4 for boys. Allowing for secular gains in height and weight, only the hand grip and shuttle run show significant secular improvements in the three age groups of girls and boys. The standing long jump shows significant secular improvement among girls 7-9 and 10-12 years and boys 10-12 years; the secular gain in jumping performance of boys 7-9 and 13-15 years is not significant, while the jumping performance of girls 13-15 years declines significantly between surveys. In contrast, performances of girls and boys of the three age groups in sit-ups, the sit and reach, and plate tapping decline between the 2001-2 and 2011-2012 surveys. All differences in the three fitness items between surveys are significant except that for sit-ups in boys 13-15 years of age.
Discussion
Height, weight and the BMI increased, on average, between surveys conducted in 2001-2002 and 2010-2011 . The positive secular changes in body size likely reflect continued improvement in socioeconomic conditions which began after the political transformation in Poland (Kozieł 2014) . Changes in diet and lifestyle (specifically, increased levels of physical inactivity) associated with socioeconomic improvements may have contributed to the relative larger secular increments in body weight and the BMI. Note, however, the estimated short term secular increase in the BMI of adolescent girls 13-15 years was small, 0.42 kg/m 2 , (Table 2) . Although not directly related to the health of youth in the Copper Basin per se, the observations reinforce the conclusion of Przewęda (2009) that the health of Polish youth was dependent upon their levels of habitual physical activity. This conclusion was based on a comparison of body size and fitness of Polish youth between 1979 and 1999. Positive gains in size were noted, while levels of fitness and movement proficiency were reduced over time (Przewęda 2009 ). The positive somatic secular gains and corresponding reductions in youth fitness were described a serious health hazard for younger generations of Poles in the future.
Mean heights and weights of youth from the Copper Basin in 2010-2011 fluctuated around the 50 percentiles for pup.polkowice.one.pl), and perhaps changes in nutrition, specifically a high fat diet and excess calorie consumption which began at the end of the twentieth century in Poland (Posłuszny et al. 2011; Cieślińska-Świder and Lewera 2015, Lipowicz et al. 2015 ). An additional factor is reduced levels of physical activity and/ or increased levels of physical inactivity; unfortunately, data addressing activity and inactivity among youth in the region are not available.
Earlier secular comparisons of the fitness of Polish children spanned broader time intervals, 1965-1995 among children and adolescents in Upper Silesia (Raczek 1997; 2002) (Fig. 4) , while performances on situps, (Fig. 5 ) and sit and reach (Fig. 6) declined. The differences between surveys were significant in most age groups. Improvement in the standing long jump was negligible between surveys in both sexes except for girls 13-15 years in whom performance declined between surveys (Fig.  7) . In contrast, performance in the shuttle run improved across the decade in both boys and girls (Fig. 8) . Performance in the plate tapping task (speed of limb movement), on the other hand, declined between surveys (Fig. 9) . Thus, short term secular changes were not uniform among indicators of physical fitness of school youth over the interval spanning 2001-2002 and 2010-2011. As noted in the introduction, most comparisons of youth fitness across time have largely focused on changes in specific fitness items independent of secular changes in body size. This was also true of two secular comparisons of youth fitness in Poland (Raczek 1997; 2002; Przewęda 2009) . It is important to consider secular changes in fitness in the context of changes in body size as performances on many fitness tests are related to body size (Malina 1978; 2004; Malina et al. 2004) . Do changes in fitness over time reflect changes in fitness per se independent of body size, or do they reflect in part secular changes in body size? This issue was addressed in the present analysis by statistically controlling for age, height and weight when comparing fitness scores of three age groups in the two surveys (Tables 3 and 4 ). After controlling for age and body size, the secular decline in two indicators of health-related physical fitness, sit-ups and sit and reach, persisted. Although boys and girls in 2010-2011 were taller and heavier, they had significantly reduced trunk strength (sit-ups) and flexibility (sit and reach) compared to peers in 2001-2002. Corresponding changes in indicators of performance-related fitness were variable. After controlling for age and body size, hand grip strength and running speed -agility (shuttle run) improved significantly across surveys (except hand grip in girls 13-15 years, no difference). In contrast, speed of upper limb movement (plate tapping) declined significantly between surveys in both sexes. In contrast, secular changes in the explosive power (standing long jump) were variable. Performances were significantly improved among girls 7-9 and 10-12 years, but were significantly and markedly poorer among adolescent girls 13-15 years of age (Table 3) 2016). The trend for explosive power was somewhat similar in boys. Performances in the jump improved across surveys in boys 7-9 and 10-12 years, though the improvement was significant only in the latter age group. On the other hand, after controlling for body size, mean jumping performances in boys 13-15 years were identical in both surveys (Table 4) . In summary, the study was limited to a single region of Poland, the Copper Basin in the southwest, which experienced significant economic progress over the decade surveyed. Comparisons across one decade showed a secular increase in Weight ( 
